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The Dade County Department
of Environmental Resources Manage-
ment (DERM) has conducted ambient
surface water quality monitoring in
Biscayne Bay since 1978 and in the
fresh water canal systems since 1980.
Since 1988, data from the bay and
canal monitoring programs indicate
elevated levels of ammonia nitrogen
(NH3-N) in the vicinity of the South
Dade Municipal Landfill (SDLF) and
the Old South Dade Dump (OSD). In
the coastal, salt water intruded
portions of the Biscayne Aquifer,
elevated NH3-N, as opposed to
specific conductance levels and
chloride ion concentrations, is used as
the primary indicator of landfill
leachate migration from the SDLF and
OSD.

Historical data (Weaver, 1993)
show that average NH3-N values at
the mouth of Goulds Channel and in
Goulds Canal, just southeast of the
SDLF, have been much higher (1.5
mg/L) than average values for any
other canal discharging into Biscayne
Bay (ranging from 0.08 - 0.3 mg/L),
and have consistently exceeded the
local water quality standard for NH3-N
of 0.5 mg/L (Chapter 24-11(4), Metro
Dade County Code). While NH3-N, in
the levels measured in the canals
adjacent to both landfills (up to 4
mg/L) does not necessarily have a
negative impact on the local
environment, NH3-N can work syner-
gistically with other physical water
quality parameters and leachate
components to create conditions toxic
to aquatic biota (EPA, 1986). If toxic
conditions did occur, fresh water

deliveries to Biscayne Bay could
ultimately be detrimental to the
adjacent waters of Biscayne National
Park.

To determine if landfill leachate
might be creating eutrophic and/or
acutely toxic conditions in fresh
surface waters, the DERM Planning
and Evaluation Section temporarily
expanded the surface water monitor-
ing program to include biological
testing in waters adjacent to the SDLF
and OSD nearby (Figure 1). Funding
for the biological portion of the project
was provided by the South Florida
Water Management District through
the Biscayne Bay Surface Water
Improvement Program. The Ecotoxi-
cology Laboratory at Oregon" State
University (OSU) was contracted by
DERM to perform the biological
analyses. DERM prepared quality
assurance documentation and per-
formed all field testing and sampling
for the project.

The specific objectives of the
study were 1) to determine through
algal assay if elevated nutrient levels
in the canals in the study area (Black
Creek, Goulds Canal, and i-31E)
have the potential to create eutrophic
conditions and 2) to determine
through acute toxicity testing whether
there are direct toxic impacts to
aquatic biota from ammonia or from a
combination of ammonia with other
factors, including physical character-
istics of the water or other constituents
of leachate.

This report presents back-
ground information on the study area,
summarizes historical data and
studies, summarizes and discusses
results of the biological tests
performed by OSU (Green, 1994),



presents field data and the results of

DERM's field data analyses for
ammonia toxicity, and presents
findings and recommendations.

The Study Area

The study area, depicted in
Figure 1, is bordered on the north by
SW 216 Street, on the east by SW 87
Avenue, on the south by SW 264
Street, and on the west by SW 112
Avenue. The surface waters in the
study area are part of the South Dade
water supply and drainage system
maintained by the South Florida Water
Management District. Of the three
canals sampled in this study, only
Black Creek receives surface water
deliveries (and therefore dilution) from
the South Dade Conveyance System
via L-31N, which originates in the
water conservation area northwest of
Dade County.

Flow and water levels in all
three canals are controlled by the
opening and closing of the coastal
salinity structures S-21 and S-21A in
Black Creek and Princeton Canals,
respectively (Figure 2). If the salinity
control structures are opened, water
flows southeast in Black Creek to
Biscayne Bay. If head elevations are
sufficient (canal water levels are
higher than ground water levels),
water can also flow westward in
Goulds Canal to L-31E, and
southward in L-31E to Princeton
Canal. Generally, the structures are
opened on a daily basis with the
outgoing tide. Head elevations behind
the structures are maintained higher
from April - October, then lowered
from October - April to drain agri-
cultural fields for the growing season
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(personal communication with Scott
Thorp, SFWMD). Water from the
central section of L-31E (east of the
SDLF) flows with the outgoing tide
through a partially blocked culvert and
into Goulds Channel (Figure 3). Direct
flows out of Goulds Canal into Goulds
Channel are blocked by an earthen
dam.

There are four potential
sources of pollution in the study area:
the South Dade Municipal Sewage
Treatment Plant south of SW 216
Street, the South Dade Landfill
(SDLF) north of SW 248 Street, the
Old South Dade Dump (OSD) south of
SW 248 Street, and 1200 acres of
various farming operations west of
SW 97 Avenue. Data presented-in the
historical information section of this
report, along with field investigations,
suggest that potential pollution from
each of these sources is most likely a
result of the ground water beneath the
facilities and farm fields migrating to
the canals, rather than from direct
discharges.

In L-31E south of Goulds
Canal, there are two 24 inch direct
discharge culverts entering the canal
at water level on the west side
(sampling sites LOOSA and LO0O9B -
Figure 1). The culverts allow natural
surface water flow from the west side
of the elevated canal maintenance
easement to discharge into L-31E. No
discharges from the culverts were
observed during the course of the
study.

Sampling Sites

“ “establish samplin sites,
DERM conducted preliminary field
work in the study area in July and




December, 1992, and February, 1993.
Physical parameters, ammonia
nitrogen, NH3-N, and nitrate nitrogen,
NOx-N, were measured with field
instruments. Methods are more fully
explained in the next section. Also,
historical data were reviewed to better
identify the distribution of elevated
nutrients.

The twelve surface water
sampling sites chosen for this study
are shown in Figure 1. Historical
sample sites for surface and ground
water are shown in Figure 2. Historical
data is available for eight of the twelve
sampling sites.

Background sites were chosen
to better characterize the effects on
water quality solely from the SDLF
and OSD. A background site, BL.0O3,
was chosen upstream of the SDLF in
Black Creek. No downstream sites in
Black Creek were chosen because
historic data and preliminary field work
show that any chemically measurable
effect that the SDLF might have on
water quality in Black Creek is either
diluted by water delivery from the
South Dade Conveyance System or
prevented from migrating into Black
Creek by surface water head
elevations maintained by the salinity
structure, S-21, just downstream.

A second background site was
placed at LO01 in L-31E to detect
water quality effects from the
Municipal Sewage Treatment Plant.
The third background site, GL04B,
was placed in farmland west of the
SDLF. GLO3 served as a background
site for OSD.

Sampling sites for this study
were not placed along L-31E between
Black Creek and Goulds Canal (due
east of the SDLF) because salinity

levels were too high for the algal
assays conducted. Average dry
season salinities in this portion of
L-31E, though still considered fresh
water, are 3 ppt (from available data -
Alleman, 1990 and DERM, 1990-93)
and exceed the 1 ppt salinity test limit
for the algal test species (Greene,
1994). This portion of the canal has
also shown elevated levels of NH3-N
(average 6 mg/l for available data,
DERM, 1980-1993) and is the most
likely conduit of the elevated NH3-N
consistently measured in Goulds
Channel (Alleman, 1990).

The water flea, Dapfinia magna
and the green algae, Selenastrum
capricommutum were chosen as test
organisms for the acute toxicity and
algal assay methods for this study
because the two have been shown, in
combination, to be 95% effective in
identifying acute toxicity (Greene et.
al,, 1989). The algal assay method-
ology, while primarily used to detect
enrichment or eutrophication, can be
used to verify causes of toxicity in
conjunction with inorganic analyses
and an acute toxicity test. Chronic
toxicity is not detected by either test
and was not considered under this
study.

DERM sampled the 12 canal
stations in February, May, July, and
November, 1993 and January, 1994
for physical and inorganic parameters

(pH, conductivity, temperature,
salinity, dissolved oxygen, NH3-N,
NOx-N, and. alkalinity). Excluding

February, 1993, DERM also collected
separate grab samples for trace
metals analyses and acute toxicity



testing and a depth composite sample
for algal assay testing. The methods
and quality assurance protocols for
the field and laboratory methods are
outined in a Research Quality
Assurance Plan (Britt, 1993) approved
by the Quality Assurance Section of
the Florida Department of Environ-
mental Protection (FDEP).

Physical and inorganic para-
meters were measured in three depth
and cross-section profiles  to
determine whether the waters were
stratified. Physical parameters were
measured using a Hydrolab Surveyor
lIl.  Ammonia and nitrate nitrogen
were field tested using CHEMetric
Test kits. Alkalinity was field tested
using a Milton Roy Test Kit. The test
kits were chosen for the project after
test kit results and laboratory results
from the three preliminary field trials
and laboratory analyses verified test
kit accuracies.

Biological and metals samples
were shipped to OSU on ice by
overnight mail to meet method holding
times. The OSU contract included
performing metals analyses (Standard
Method 200.7), acute toxicity testing
(EPA Method 600/3-88-029) with the
water flea, Daphnia magna, and algal
assay testing (EPA Method 600/
9-78-018) with the green algae,
Selenastrum capricomutum.
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Water and sedlment quallty
studies have been performed in the
near shore waters of Biscayne Bay
adjacent to the SDLF by The National

Park Service (Froelich, 1985 and
Corcoran, 1987), the then Florida
Department of Natural Resources

S contamination

(Corcoran, 1983), and Dade County
DERM (Alleman, 1990 and unpub-
lished data, 1991-1993). Together,
these studies verified that while
Goulds Channel has elevated levels of
pesticides, metals, and hydrocarbons
in  sediments and mollusks, and
elevated ammonia in surface water,
the measurable chemical effects
dissipate within several hundred yards
offshore.

Concurrent with this study, the
National Park Service conducted an
investigation of water quality in
Biscayne National Park and South
Biscayne Bay to determine the
ambient ammonium concentration in
moderately and least impacted near
shore waters and to investigate the
contribution of ammonium from the
SDLF to Biscayne Bay (Jones, 1994).
The Park Service report also verifies
that the ammonium contributed by the
SDLF to the nearshore waters is
significant, but that ambient levels are
resumed offshore.

Similarly, upland studies of the
landfills have been prompted by the
long term presence of elevated
ammonia nitrogen in ground waters
well above the Dade County standard
of 0.5 mg/L (Section 24-11(4) MDCC).
The first significant water quality study
was conducted in 1978 at OSD by the
US. Geological Survey (USGS).
While significant ground water
by ammonia and
metals was documented, surface
water degrada- tion was found only in
a drainage ditch in the middle of the
dump (McKenzie, 1983).

The Environmental Protection
Agency (EPA) followed with a study
on OSD in 1991 (Ceppos, 1991), but
failed to sample for ammonia which, in



a salt water intruded environment, is
the best indicator of landfill leachate.
EPA did document elevated lead in
surface, ground, and sediment
samples in and near L-31E in the
center of the dump.

OSD was operated by private
management for nearly 28 vyears
(1952-1978) as an unlined, open
trench landfill. To date, there has
been no attempt to clean up OSD.
Except for 30 acres on the west side,
OSD is still privately owned. Dade
County Solid Waste Management
Department (DCSWM) owns the 30
western-most acres and has taken
over responsibility for water quality
monitoring for the entire 250 acre site.

Nutrient enrichment (NOx-N
and NH3-N) of the fresh surface
waters in the study site were first

documented in 1982, shortly after
DERM established routine water
quality monitoring programs for

Biscayne Bay and its tributaries.
Additional sampling sites were added
in Goulds Channel, Goulds Canal, and
L-31E in 1988 and 1989. Since that
time, NH3-N and NOx-N levels in
those canals have shown dry season
elevations well above background.
DERM began monitoring
ground water quality in and near the
SDLF in 1981. A summary of this
data through 1988 was compiled in an
unpublished report (Labowski and
Waller, 1988). The data show the
highest ammonia levels in ground
water under the SDLF fo be on the
east side of the now closed Cells 1 &
2 in Well S-4 (Figure 2). NH3-N
values ranged as high as 50 mg/L.
DCSWM began routine ground
water monitoring programs for the
SDLF in 1987 and for OSD in 1989.

While NH3-N levels are elevated at
each of four monitoring sites in OSD,
levels are highest (ranging to 40 mg/L)
at OS-2 , in the area last used for
landfilling (Figure 2). DCSWM data for
the SDLF show similar results to the
DERM data, with NH3-N levels at S4
ranging to 50 mg/lL. (DCSWM,

unpublished data 1987 - 1993).
South Dade Landfill

When Cells 1 & 2 of the SDLF
were opened in 1978, the County
assumed that the marl substrate liner
was adequate to contain leachate.
Time and water quality monitoring
data have proven this not to be the
case. Subsequent cells at SDLF have
been more adequately cénstructed
with synthetic liners to retain leachate.

To update Cells 1 & 2 of the
SDLF, DCSWM is constructing
leachate and stormwater collection
systems which are designed to reduce
polluted waters leaving the site by
50% (Hazen and Sawyer, P.C., 1992).
The new systems include pumping
collected leachate to the adjacent
sewage treatment plant for treatment,
future on-site treatment of leachate,
filtering stormwater runoff in a wetland
retention basin adjacent to L-31E, and
updating the culvert connecting L-31E
and Goulds Channel to a salt water
in-flow structure. The structure has
been designed to maintain tidai
flushing through the culvert and into
the wetland retention basin.

Until ground water ammonia
levels are reduced by the new
systems, the  SDLF will continue to
contribute to the elevated levels of
ammonia in Goulds Canal and Goulds
Channel. As part of FDEP permitting



requirements for expansion of the
SDLF, DCSWM is constructing
additional ground water monitoring
wells at the SDLF and locating new
surface water monitoring sites in
Goulds Canal, Black Point, and L-31E.
These additional data should provide
adequate information to determine
whether the remediation plan is
effectively reducing leachate migration
from the SDLF.

Perhaps the least examined
influence upon water quality in the
study area is the effect of ground and
surface water level changes on
leachate migration. To date, there are
no continuous or reliable water level
data available for the area to
characterize ground water flow and
tidal  fluctuations. DCSWM has
recently installed three continuous
water level recorders in wells S-1, S-2,
and S-5 at the SDLF (Figure 2). While
these new data will provide valuable
information, they are not adequate to
identify patterns of leachate migration
as they are related to water level,
tides, rainfall, and water management,
nor will they address leachate
imigration from OSD.

Historical data and data from
this study indicate that elevated
ammonia levels are far more likely to
be detected in the dry season. This is
either due to increased leachate
migration in the dry season or a
dilution affect in the wet season, or a
combination of both. Surface water
level data and accurate ground water
level contour maps extending from
Black Creek to Princeton Canal are
needed to determine the correlation
between water levels and leachate
migration from both landfills.
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Blologlcal Test Results !

The OSU b|o|og|cal test results
are available in quarterly reports and
in a final report: Biological Testing for
the Effects of Pollutants In Waters
Collected from the Freshwater Canals
in the Coastal Portions of Black Point,
Dade County, Florida (Greene, 1994).
Biological testing of the canal waters
did not detect acute toxicity or
eutrophication. However, due to
limitations of the tests, results do not
rule out the possibility that acute
and/or chronically toxic conditions
occur in the study area. The tests do
show 1) that the local carbonate water
chemistry might ameliorate the effects
of enrichment and potential - acute
toxicity by precipitating phosphorus
and trace metals out of the water
column and into the sediment layer
and 2) that other synergistic effects
are probably not compounding
potential ammonia toxicity.

Greene reported that 84.6% of
the algal assay samples did not
produce the algal growth which was
expected based on the nutrients
measured in the autoclaved and
filtered sample water used in the algal
assay. Greene verified that NOx-N
and NH3-N values measured in the
canals during field screening were
comparable to values measured in
autoclaved waters. His analyses
showed that in 73% of the samples,
phosphorus was the primary limiting
nutrient.

In 36% of the samples, trace
elements were the secondary factor
limiting algal growth. Metals results
for the project (total, unfiltered) were
below method detection limits, with



minor exceptions (Greene, Quarterly
Reports, 1993 and 1994). Whereas,
historical data from the General Canal
Program indicate that all tested metals
are present in sediment (unpublished
data, DERM, 1991 and 1992). Since
metals are present in sediments, but
not in the water column, it is likely that
the carbonate environment in South
Dade canals precipitates phosphorus
and trace metals out of the water
column and into the sediment layer, -

Greene (1994) used total trace
metal values on the study waters to
calculate hardness (Appendix A -
Table 01.XLS). He reported that the
study waters are very hard (200 - 340
mg/L as CaCO3) and that this factor is
probably contributing to the lower than
expected algal growth results from the
biological portion of this study. The
lack of available phosphorus and trace
elements ameliorates the potential for
the enriched waters to become
eutrophic.

Greene reported 83% - 100%
survival in the test animal Daphnia
magna in all 56 of the canal surface
water samples tested for acute
toxicity. These results suggest that
acutely toxic conditions did not exist in
the study area. However, there are
two issues concerning the acute
toxicity tests which prevent the results
from being definitive.

First, dissolved oxygen (DO)
levels in the tested waters were higher
than in situ waters. Greene attributes
the increases to agitation during
shipping and sample handling during
testing. This is a particular issue for
eight of the sample sites where DO
levels were below the 4.0 mg/L water
quality standard during in situ
sampling (1.2 - 3.5 mg/L), but were

above the minimum standard (>5
mg/L) during testing (Greene, 1994).
Since DO levels less than 4.0 mg/L
can be acutely fatal to invertebrate
populations (EPA, 1986), these in situ
canal waters were more likely toxic
than the same test waters.

Secondly, Daphnia magna is
more resistant to the toxic ammonia
form, NH3, than are fishes and some

other invertebrates (EPA, 1986).
Based on the EPA Guidance Criteria,
and under the surface water

conditions common in the study area
(pH range 7.1 - 8.1 and temperature
range 21 - 32 C) and in the absence
of other synergistic effects, total
ammonia, NH3-N, levels would have
to exceed 8.0 mg/L to potentially
create conditions where unionized
ammonia (NH3) alone might be lethal
to Daphnia magna. Howeve:r, under
the same water conditions, fish
species and other invertebrates could
have shown lethality at the 4.0 mg/L
NH3-N measured in some of the test
waters.

Therefore, Daphnia magna
may not adequately detect acute
toxicity for the water quality standard
for unionized ammonia established for
the study area 0.02 mg/L (Section
17-302.530, F.A.C.). The test, using
Daphnia magna, does tell us that
other synergistic effects which could
compound toxicity in conjunction with
elevated NH3 were probably not
active in the water column during this
study. NH3 toxicity and DO consid-
erations are discussed further in the
following field data results.



Field Data Results
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The South Dad County
Municipal Landfill (SDLF), the old
South Dade Dump (OSD), and

adjacent farmlands to the west are
contributing to seasonally elevated
ammonia and nitrate levels in the
Goulds and L-31E Canals. Enrichment
is most likely due to ground water
seepage into the canals, particularly in
the dry season when head elevations
are lowered in the canals. Data
suggest that the South Dade Sewage
Treatment Plant is not contributing to
inorganic  nitrogen enrichment of
surface waters in the study area.

The following graphs depict the
results of physical and inorganic
monitoring of the sampling sites.
Values in the graphs are averages of
measurements taken from depth/
cross-section profiles in the water
column. Data are presented as
averages because the waters were
only mildly stratified, if at all. Data
tables and enlarged graphs are

presented as Appendix A.
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During this study, values for
total nitrate (NOx-N) were well above
background (0.1 mg/L) in all but two
sites. In the dry winter seasons,
NOx-N ranged from 0.1 - 5.0 mg/L.

The levels were highest in the
background site, GL04B, which is on
the western fringe of the study area
and well away from other known
sources of nitrate or ammonia, other
than agriculture. Most importantly, the
BLO3 and LOO1 background sites do
not show elevated nitrate, indicating
that adjacent farmland is contributing
more measurable nitrate to the study
area than either the SDLF or OSD.
Since ground water nitrate
levels under OSD are below 1 mg/L
(DCSWM, 1987-1993, unpublished
data) elevated nitrate in L-31E south
of OSD is not likely derived from
ground water migrating southeasterly
from the dump. However, no ground
water quality data is available from the
more southerly agricultural areas to
provide the same information on the
source of elevated NOx-N in L-31E.

mBLO3
¢ LOOM
4 GLO4B

GLO4A
o GLOA
« GLO3
o GLO2B
«GCLORA
» LO07
el009
« LO09A
L0098

Feb My Uy Nov Jan

The graphed data for total
ammonia (NH3-N) show an obvious

dry season cycle for elevated
ammonia. In spring and summer
sampling events, NH3-N values at all
sites were comparable to background
(0.15 mg/L). During the dry winter
season, NH3-N at half of the sampling
sites exceeded background and in the
canal sampling stations downstream
from the SDLF and OSD, NH3-N



values exceeded the DERM standard
of 0.5 mg/L (range: 0.45 - 4.0 mg/L).
Additionally, near upstream
sites from both landfills had lower
NH3-N values than downstream sites,
indicating that ground water beneath
Cells 1&2 of the SDLF and from the
western portion of OSD are more
significantly  poliuting  downstream
surface waters. However, while
ground water NH3-N levels are
elevated all year long (DCSWM, un-
published data, 1987-1993), surface
waters are impacted most significantly
during the dry season, indicating
increased leachate migration during
the dry season and/or dilution in
surface waters during the wet season.
Jones (1994) also found this
seasonal cycle for elevated NH3-N in
the nearshore waters at Black Point.
(The offshore waters exhibited the
opposite cycle.) Regression analyses
of ammenium values with salinity and
rainfall did not show any correlation,
ie.. increased rainfall did not result in
decreased ammonium values. There-
fore, dilution in surface waters is
probably less of a factor than the
iessened leachate migration in the wet
season due to increased head

elevations in the canals.

Elevated

NH3-N is not
necessarily a problem to aquatic biota.
Other water quality factors are

important when considering whether
the seasonally elevated total ammonia
values are potentially toxic. Temp-
erature and pH are the two most
important  water quality factors
affecting the equilibrium between the
ratio of unionized (toxic) and ionized

(non-toxic) forms of ammonia for a
particular concentration of total
ammonia (EPA, 1976). In most natural
waters, the concentration of toxic
ammonia substantially increases with
increasing pH (>7.5) and/or temp-
erature (>24 C). In this study, because
total ammonia values are highest in
the winter months when canal water

temperatures are lowest (<24C),
ammonia toxicity is somewhat
ameliorated.

Unionized ammonia can not be
measured directly. It is calculated from
ionization  constants which are
temperature and pH dependent. For
this report, unionized ammonia (NH3)
was calculated from percentages*
obtained from Emerson et: al,” 1975
(Table 1). The percentages are based
on pH and temperatures measured in
the canals during sampling.

Table 1
Un-ionized Ammonia
Samples Exceeding Standard**

Samp. Samp. Temp. pH NH3-N NH3 NH3

Site Date C Units mag/l  %* mag/L
GlLO3 Feb93 2324 762 20 19 0.04
CLO2B FebS3 2267 773 40 24 0.1
CLO2B Jan94 215 76 40 1.7 0.07
CLO2A Feb 93 2338 7.75 40 26 0.1
GLO2A Jan%4 2075 7.76 3.0 23 0.07
LO07 Feb93 2303 762 30 19 0.06
LOO9A Feb93 2302 761 30 19 0.06
LO09B Feb93 2286 769 30 24 0.07

**Standard = 0.02 mg/L. NH3 (F.A.C. 17-302.530)

fn February, 1993, calculated
NH3 values exceeded the 0.02 mg/L
Florida standard at GLO2A, GL02B,
GL0O3, LOO07,. LO09A, and LO09B
(Table 1). The NH3 standard . was
exceeded again in January, 1994, at
the downstream Goulds Canal sites,
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GLO2A and GLO02B. While no acute
toxicity of Daphnia magna occurred in
the same test waters, these standard
exceedences indicate that chronically
toxic conditions were likely, at least for
more sensitive species.

While total ammonia levels
were also well elevated at the L-31E
sites in January, 1994, pH levels were
lower (< 7.3), thus reducing toxic NH3
formation. Lower pH values (avg. 7.3)
are also seen where NOx-N is present
in relatively higher amounts as in
GL04B, LOO9A and LOOQ9B. Finally,
sites with the highest NH3 levels,
GLO2A and GL02B, had consistently
higher pH levels (avg. 7.76) than did
the background sites with little NH3
and NOx-N (avg pH 7.5 - 7.6).

Generally, in an oxygenating
surface water environment, ammonia
nitrogen is expected to convert to
nitrate nitrogen (EPA, 1976). As could
be expected, dissolved oxygen (DO)
levels were highest in the summer
months when ammonia values were
the lowest and lowest in the winter
when NH3-N levels were the highest.
However, NOx-N values did not show
the same seasonal trends. NOx-N
values were often elevated when DO
levels were relatively high (>6), but
without any resultant elevation in
NH3-N. Again, It is more likely that
lower summer NH3-N levels are due
to lessened leachate migration due to
increased head elevations in the
canals.

In the winter months, in the
L-31E sites south of Goulds Canal,
DO levels fell below the Dade County
one day water quality standard of 4

mg/l, creating potentially lethal
conditions for some aquatic biota
(EPA, 1986). Local ground water,

which is naturally low in DO (less than
1 mg/l), can lower the DO of surface
waters as it recharges the canals in
periods of low surface water head
elevations.

As with lower DO levels, a likely
source of increased hardness is a
greater infusion of ground water into
the canals. Data from Greene (1994)
show that, except for the background
sites BLO3 and LOO01, surface water
hardness increased by 30% - 65% in
November and January as compared
to May and July. Hardness values
remained relatively constant for LO01
and BL0O3. The fact that the
background sites unaffected by
nutrient enrichment, LO01 -and BLO3,
did not have reductions of DO nor
exhibit increased hardness in the dry
season, supports the theory that
greater head elevations in the area of
the canals in closer proximity to the
salinity structure, even in the dry
season, prevent ground water

migration from beneath the landfill.

Surface water immediately
south of the South Dade Landfill and
immediately south of the Old South
Dade Dump is seasonally degraded
below standard for ammonia. The
levels are degraded to the extent that
acutely toxic conditions could occur to
sensitive biota, but more likely that
chronically toxic conditions could or do
occur. Finally, nitrogen levels, though
well above background, do not cause
the ex- pected enrichment problems
because phosphorus and trace
elements are not chemically available
in the water column due to high water
hardness.
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Based on the violations of
State  Standards for un-ionized
ammonia in Goulds Canal and L-31E
during this study, toxicity tests, using
appropriate test species, should be
repeated in the sampling sites
downstream from the South Dade
Landfil and the Old South Dade
Dump. Acute toxicity tests should be
performed when un-ionized ammonia
exceeds the 0.02 mg/t. NH3 standard.
Chronic toxicity tests should also be
performed, even when standard is not
exceeded, including upstream
sampling sites where total ammonia is
elevated.

2. An ambient biomonitoring
program for Dade canals should be
incorporated into the already existing
ambient water chemistry program.
Surface water toxicity testing will
become routine in certain areas of
Dade County for National Pollutant
and Discharge Elimination Permitting
Program requirements This study
shows that current methods of testing
are not fully sufficient to detect toxicity
or eutrophication in the carbonate
system. Therefore, baseline investi-
gations should be made of canal
macrobenthics and indigenous phyto-
plankton standing crops and a
continuous monitoring program for
both should be in place to provide
baseline biological integrity for
reference when interpreting toxicity
test data.

3. Though Dade County Solid

Waste Management is currently
installing continuous water level
recorders in several wells at the

SDLF, they should be encouraged to
install a sufficient number of

continuous water [evel monitoring
devices in existing ground water
monitoring wells in the SDLF and
OSD and flow and water ievel
measuring devices at several canal
monitoring sites north and south of
Goulds Canal so that accurate ground
water level contour maps and surface
flow maps can be constructed for the
study area. Currently, no such data
exists, and this information s
extremely important for evaluating the
effects of dilution and ground water
migration on surface water quality.
This data would also enable a better
assessment of the effectiveness of the
ground water remediation plan being
implemented for the SDLF: This data
is also essential to determine if there
is a need to remediate for pollution
from OSD. Once adequate data is
available on water flows in ground and
surface waters around both the SDLF
and OSD, water management options
such as increased head elevations in
Goulds Canal and L-31E during the
dry season might further limit leachate
migration from both sites.

4. [nsufficient information is
available to ascertain what causes
dissolved oxygen levels in the study
area to decline below the 4 mg/l
standard for Class |l waters.
Hardness and DO data from this study
indicate that an infusion of low DO
ground waters is the most likely
explanation. However, a definitive
study considering microbial activity
should be performed to determine
whether or not algal blooms and their
resultant die off patterns may be a
major causal factor in areas where DO
are  reduced below  standard.
Continuous DO recorders would be
required.
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Appendix A
Data Tables and Graphs
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